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Matrix : S EERIE
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BEA O fiR BT S| LTl 2 BT 5,
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RSN DY 7Y ViR & BRZER R 1 L/min C 100L {4

ZOFEOBEREE  MOCA : 20 ppb (218 pg/n’)

ERTIR : 40 ppt (440 ng/m®)

HARIREEIZ 31T DAEIERRZE £ 5. 8%

Matrix: Air

Procedure: Samples are collected closed-face by drawing known
volumes of air through sampling devices consisting of three-piece
cassettes, each containing two sulfuric acid-treated glass fiber filters
separated by a spacer. The sample filters are transferred to separate glass
vials containing 2 mL of deionized water within 10 h after sampling.
Quantitation is performed by analyzing the heptafluorobutyric acid
anhydride derivatives of the amines by gas chromatography using an

electron capture detector.

Recommended air volume and sampling rate: 100 L at 1 L/min

o-Dianisidine MOCA o-Tolidine
Target conc.: ppb (pg/m3) 1 (10) 20 (218) 1(8.7)
Reliable quantitation
limits:  ppt (ng/m3) 12112 40 (440) 1811}
Standard errors of estimate at the target concentration:
(Section 4.7) 7.8% 5.8% 8.0%
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Special requirements: Samples for o-dianisidine must be shipped and
stored at 0°C or colder to minimize loss of analyte. These samples should

be analyzed as soon as possible.

Status of method: Evaluated method. This method has been subjected to
the established evaluation procedures of the Organic Methods

Evaluation Branch.

L #edm
L1 #Hx ()
1.1l ZHhET

MOCA DR HFIRE 2 RTET S 7= DO LIFT D 0SHA HELEDO FIEL, 0. INHC]
EENTVWAENTTZ— (LUF 180T —] £ H,) (ref. 5.1)
EHATVWDA U Er Py —Ilk b0t HEBELZT I 0L, %
it & AV T HPLC CTHRIE &7z, MOCA O s st s -t o T
Holeid, A VLT —lZ BT u S NVOHESHRREDEETH
HMFENTRY, Elo, APy —i3, BARY 7 F—L LTI
AMERbDOTH D,

NRyPrTr, 3,3 -V ruRr YUYy, 2,4- M PT I, 2, 6-

1. General Discussion
1.1. Background
1.1.1. History

The previous OSHA-recommended procedures to determine airborne
MOCA, and o-tolidine involved
collection with an untreated glass fiber filter, a bubbler containing 0.1 N

concentrations of o-dianisidine,

HCI, and a bubbler containing isopropyl alcohol, respectively (Ref. 5.1).
The free amines were determined by high-performance liquid
chromatography using an ultraviolet detector. The procedures for
o-dianisidine and o-tolidine were OSHA laboratory in-house methods
which were never fully validated and although the MOCA procedure
had been validated, it is not certain how efficient a bubbler is for
collection of aerosols. Also bubblers are an inconvenient means for
taking personal air samples.

Methodology exists which has previously been validated for benzidine,

3,3'-dichlorobenzidine, 2,4-toluenediamine, 2,6-toluenediamine (Ref. 5.2)
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RNH, + (CsFC0),0

—-> RNHCOCsF; + CsF;COOH

FEE, R, EETIR, R TREIIN

and 4,4'-methylenedianiline (Ref. 5.3). The collection of air samples
involves sampling on glass fiber filters that had been treated with
sulfuric acid. Thus the collected amines are converted to the more stable
and less volatile corresponding amine salts on the filter surface. To
further enhance the stability of samples, the filters are transferred to
small vials containing 2 mL of deionized water within 10 h after
sampling. The analysis involves converting the amine salts to free
amines by addition of sodium hydroxide, extracting the amines into
toluene, removing a portion of the toluene extract, and derivatizing the
free amines in the extract with heptafluorobutyric acid anhydride
(HFAA) according to the reaction

RNH: + (GFCO)0O -> RNHCOC:;F; + GCF,COOH

(1.1.- Toxic effects, Potential workplace exposure, Physical properties
and other descriptive information )

(1.2.- Limit defining parameters, Advantages, Disadvantages )

2. PUBHRHLUG A

2.1. 28 E

2. 1.1. BEHNIEAY 77 —RARyTE2ERLT, BBA 7 47 —%
U, LRSS FE 5% O CERmRE NS,

2.1.2. FRHIZ e —XF7z—RAD3E—RAAEy MZEYy ML, 2
W OFEELER 37Tmm Gelman B A/E 7T A7 7 A /N—7 4 L X —THER X
NG, 74NH—T4%x0. 26N Bk 0. bml #5128 S THFET 5,

(0. 26N Hie2 1L, 36N B2 1. bml A A A > /K (deionized water) “C 200ml

2. Sampling Procedure

2.1. Apparatus

2.1.1. Samples are collected by use of a personal sampling pump that can
be calibrated within +5% of the recommended flow rate with the
sampling filter in line.

2.1.2. Samples are collected closed-face using a sampling device
consisting of two sulfuric-acid treated 37-mm Gelman type A/E glass
fiber filters contained in a three-piece cassette. The filters are prepared
by soaking each filter with 0.5 mL of 0.26 N sulfuric acid. (0.26 N sulfuric
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acid can be prepared by diluting 1.5 mL of 36 N sulfuric acid to 200 mL
with deionized water.) The filters are dried in an oven at 100°C for 1 h
and then assembled into three-piece 37-mm polystyrene cassettes
without support pads. The front filter is separated from the back filter by
a polystyrene spacer. The cassettes are sealed with shrink bands and the
ends are plugged with plastic plugs.

2.1.3. Small sealable vials capable of holding at least 7 mL of liquid are
needed for sample shipment and storage. Glass scintillation vials with

caps containing Teflon liners are recommended.

2.2. Reagents
Deionized water is needed for addition to the vials described in Section
2.1.3.

2.3. Sampling technique

2.3.1. Immediately before sampling, remove the plastic plugs from the
filter cassettes.

2.3.2. Attach the cassette to the sampling pump with flexible tubing and
place the cassette in the employee's breathing zone.

2.3.3. After sampling, seal the cassettes with plastic plugs until the filters
are transferred to the vials containing deionized water.

2.3.4. At some convenient time within 10 h of sampling, carefully remove
the filters from the cassettes and individually transfer them to separate
vials. Add approximately 2 mL of deionized water to each vial. This can

be done before or after the filters are transferred.
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Lice Ny 27 w723y FOERIRAT, 77 7 WBAET 1+ V¥
—&ERA L, OWORKE, §iBRO7 4 V7 — 23 TEY L CHRMNED
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2.3.5. Seal the vials lengthwise with OSHA Form 21.

2.3.6. Ship and store samples for o-dianisidine at 0°C or colder.

2.3.7. Submit at least one blank filter with each sample set. Handle the
blank filters in the same manner as the air samples, but draw no air
through them.

2.3.8. Record air volumes (in liters) for each sample, along with any

potential interferences.

2.4. Retention efficiency

A retention efficiency study was performed by drawing 100 L of air (76%
relative humidity) at 1 L/min through six sample filters that had been
spiked with 1.00 pg of o-dianisidine. Instead of using backup pads, blank
acid-treated filters were used as backups in each cassette. Upon analysis,
the top filters were found to contain an average of 90.1% (SD = 5.4) of the
spiked amount. There was no o-dianisidine found on the bottom filters.
Similar tests were done for 21.8 pg of MOCA and 0.868 pg of o-tolidine.
Upon analysis, the top filters were found to contain an average of 101.5%
(SD = 4.5) and 100.6% (SD = 4.2) of the spiked amounts of MOCA and
o-tolidine respectively. There were no detectable amounts of these two

analytes found on the backup filters.

2.5. Extraction efficiency

2.5.1. The average extraction efficiencies from six filters for each amine
spiked at the target concentrations were 97.2, 95.7, and 99.2% for
o-dianisidine, MOCA, and o-tolidine respectively. (Section 4.9)
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2.6. HERERE, Y7 U

2.6. 1. HELEELSE 100L

2.6.2. HEEREH 7Y o/ FH 1 L/min

2.6.3. BT U U TEBPLINDIGEE, EETRIIKEL 25,

2.7, WiEWME (FHER)
2.7. 1. BT 4 N F — EORBEICKIGT 5D MOCA & KIGT 5601
YT TR AEWETH D,

2.7.2. MOLEGEYWHITREREE & LIk ~#E Sh i<
TiX 6720,

2.8. B2 LOEE

2.8.1. V7T —HAEEBEIIOTHDIIELELIEEDHEL RSN
XoiTa.

2.8.2. Yo7V I L CHIEEBORLFIEIHES .

2.5.2. The stability of extracted and derivatized samples was verified by
reanalyzing the above samples 24 h later using fresh standards. The
average extraction efficiencies for the reanalyzed samples were 98.9, 93.5,
and 100.0% for o-dianisidine, MOCA, and o-tolidine respectively.
(Section 4.9)

2.6. Recommended air volume and sampling rate

2.6.1. The recommended air volume is 100 L.

2.6.2. The recommended sampling rate is 1 L/ min.

2.6.3. If a smaller air volume is desired, the reliable quantitation limits
will be larger. For example, the reliable quantitation limit for

o-dianisidine for a 15-L air sample would be 8.0 ppt.

2.7. Interferences (sampling)

2.7.1. Any compound in the sampled air that will react with the sulfuric
acid on the treated filters or with the collected analyte is a potential
sampling interference.

2.7.2. Suspected interferences should be reported to the laboratory with

submitted samples.

2.8. Safety precautions (sampling)

2.8.1. Attach the sampling equipment to the employees so that it will not
interfere with work performance or safety.

2.8.2. Follow all safety procedures that apply to the work area being

sampled.
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3.1.2 GC DA T AMIEELHEDENST I UFEEESBETS Z &
MATREIR A T L EMEAT S5, ZOFETIL, A~ afHllo 7 2 —X K
U ADOHZ A 15m0.32mm i.d. (1.0 pm FEE) SPB-5 ZfEH L7-,
3.L.3. AT —%, FRv—7EEUIE S ZHET S HiE,
P bkt a—by ba" gh—} 186524 A/D  ZEHARRE B L7z baby b vi-}
3BT BB T — & VAT LEFER L,

3.1.4. 77 Ml{T 4 F—ftEDSTOo0W ] 4nl BEEO/NEIOEERT
XL T DA

3.1.5. 2.0ml ZHWTELT 4 AP I~y b
3.1.6. ZKERIEF BV A LBEREO Inl Z0RTEHE<y b (@

NIKLE~w R

3.1.7. — DL HFAA (=7 b o EERRMEKY) o 25uL Z43ERL. &9
— 213 50uL D MOCA BRI L RHEMH &2 T S/ D e~y |k
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3.2. 1. FAFEEE NaOH 75 FRH L7z fafnkEfbT R ) 7AW L 0.5 N
KER LT b U o LA
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3. Analytical Procedure

3.1. Apparatus

3.1.1. A GC equipped with an electron capture detector. For this evaluation,
a Hewlett-Packard 5890A Gas Chromatograph equipped with a Nickel 63
electron capture detector and a 7673A Automatic Sampler was used.

3.1.2. A GC column capable of separating the amine derivatives from the
solvent and interferences. A 15-m x 0.32-mm i.d. (1.0-pm film) SPB-5 fused
silica column purchased from Supelco, Inc. was used in this evaluation.
3.1.3. An electronic integrator or some other suitable means of measuring
peak areas or heights. A Hewlett-Packard 18652A A/D converter interfaced
to a Hewlett-Packard 3357 Lab Automation Data System was used in this
evaluation.

3.1.4. Small resealable vials with Teflon-lined caps capable of holding 4 mL.
3.1.5. A dispenser or pipet for toluene capable of delivering 2.0 mL.

3.1.6. Pipets (or repetitive pipets with plastic or Teflon tips) capable of
delivering 1 mL, for dispensing the sodium hydroxide and buffer solutions.
3.1.7. Repetitive pipets, one to deliver 25 pL of HFAA and one to transfer
50-pL aliquots of MOCA samples and standards.

3.1.8. Disposable pipets to transfer the toluene layers after the samples are
extracted.

3.2. Reagents

3.2.1. Saturated and 0.5 N NaOH solutions, prepared from reagent grade
NaOH.

3.2.2. Toluene. American Burdick and Jackson "High Purity Solvent" brand
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Purity Solvent” 77 . F&{EMR)

3.2.3. R—7 VA EEEE K4 (HFAA) (Pierce chemical company @) HFAA
Z{EM)

3.2.4. 136 g ORIERY VBRA Y VAL 1L DA A KhLARR LT
U EERRER, fAFKER(ET N U U AR EAWTpH 2 7.0 IZAbE T
B,

3.2.5. RAIEARHE MOCA, (CTC Organic ¢ MOCA % {E) .

3. 3. EEHEOHEH ,

3.3.1. 5, MOCA X, & MITHTER\AMRHZMETH S, flikkie
YR L iR ORERROERITEBR I NWIIGITICHIRT 5 2 &, AR
RTIVEMIVTHERTIILICL- T, ERBFKLER TS, 2.0
ml O RNVEUBASTNENSA TADMMCFR U AZE)E 2~ 1 7 1
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3.3.2. HFAA @ 25 pL ZFNEND AL TADAUICANS, ¥y v TH L
TAATARAE 10 EIESD,

toluene was used.

3.2.3. Heptafluorobutyric acid anhydride (HFAA). HFAA from Pierce
Chemical Company was used.

3.2.4. Phosphate buffer, prepared from 136 g of reagent grade potassium
dihydrogen phosphate and 1 L deionized water. The pH is adjusted to 7.0
with saturated sodium hydroxide solution.

3.2.5. o-Dianisidine, MOCA, o-tolidine, reagent grade. The o-dianisidine
used in this evaluation was purchased from Aldrich Chemical Company,
Inc., Milwaukee WI. The MOCA and o-tolidine were purchased from CTC
Organics, Atlanta, GA.

3.3. Standard preparation

3.3.1. CAUTION. THESE AROMATIC AMINES ARE OR SHOULD BE
CONSIDERED CARCINOGENIC TO HUMANS. Restrict use of pure
compounds and concentrated standards to regulated areas. Prepare
concentrated stock standards by diluting the pure amines with toluene.
Prepare analytical standards by injecting microliter amounts of diluted stock
standards into vials that contain 2.0 mL of toluene. In order to keep the
response of MOCA standards which are at or around the target
concentration (20 ppb for a 100-L air sample) in the linear range of the
electron capture detector used, a furtherdilution was required. This was
accomplished by adding 50-pL aliquots of the MOCA analytical standards
to vials containing 2.0 mL of toluene.

3.3.2. Add 25 pL of HFAA to each vial. Recap and shake the vials for 10 s.
3.3.3. After allowing 10 min for the derivatives to form, add 1 mL of buffer

8
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3.4, RElFHR
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3.4.3. S LT, 10 7MTAZRD,
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to each wvial to destroy the excess HFAA and to extract the
heptafluorobutyric acid that is formed.

3.3.4. Recap and shake the vials for 10 s.

3.3.5. After allowing the two layers to separate, analyze the toluene (upper)
layer of each standard by GC.

3.3.6.

concentrations. If sample concentrations are higher than the upper range of

Bracket sample concentrations with analytical standard
prepared standards, prepare additional standards to ascertain detector
response or derivatize a smaller aliquot of the toluene extract of the high

samples using toluene as the diluent.

3.4. Sample preparation
3.4.1. The sample filters are received in vials containing deionized water.

3.4.2. Add 1 mL of 0.5 N NaOH and 2.0 mL of toluene to each vial.

3.4.3. Recap and shake the vials for 10 min.

3.4.4. If the samples are to be analyzed for o-dianisidine or o-tolidine, allow
the layers to separate and transfer approximately 1 mL of the toluene
(upper) layer of each sample to separate vials with clean disposable pipets.
For MOCA samples, allow the layers to separate and transfer a 50-pL
aliquot of the toluene layer of each sample to separate vials, each containing
2.0 mL of toluene.

3.4.5. Add 25 pL of HFAA to each vial. Recap and shake the vials for 10 s.
3.4.6. After allowing 10 min for the derivatives to form, add 1 mL of buffer

to each vial to destroy the excess HFAA and to extract the
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3.5.1. GC &tk & 15

A7 LMREE @ 250 °C

HEAR: 225 °C

RS 300 °C

HAFEE : ¥ VT HA2.3 nl/nin 7KFE (35 kPa ~v K[E)
AAL T v T HA 45 ml/min 23

AR 1.0 pl

A7 ko 100 1

#7152 : SPB-5, JEE 1.0 um,

H1 T I (R att)

TR OLRFFRER] : MOCA, 4.2 min

su< b IFh: 7 ar 410 B8

15-m X 0.32-mm i.d. 7=2—X K UAH
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&S ERET D,

3.5.3. VT NEOHREY OIEEWEEAERE (hg) & VARCA (B—
JEEXIEEE) 272y P LTHREREZRH,

heptafluorobutyric acid that is formed.

3.4.7. Recap and shake the vials for 10 s.
3.4.8. After allowing the two layers to separate, analyze the toluene (upper)
layer of each sample by GC.

3.5. Analysis
3.5.1. GC conditions and information
zone temperatures: column, 250°C
injector, 225°C
detector, 300°C
gas flows: column 2.3 mL/min hydrogen (35 kI’a head pressure)
make up 45 mL/min nitrogen
injection volume: 1.0 pL
split ratio: 100:1
column: SPB-5, 1.0-pm film, 15-m % 0.32-mm i.d. fused silica (Supelco, Inc.)
retention times of derivatives:
o-Dianisidine, 5.5 min
MOCA, 4.2 min
o-tolidine, 3.9 min
chromatograms: Section 4.10
3.5.2. Measure peak areas or heights by use of an integrator or by other
suitable means.

3.5.3. Construct a calibration curve by plotting response (peak areas or

heights) of standard injections versus micrograms of analyte per sample.
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lethr 7l LB ICHERTICHE SN 28D LWTFHIEZBE LT
(AT AN

3.6.2. GCNRT A= X BEOLLYHELERTH/DICERINDBE
N5,

3.6.3. —fEDA T AORFEREMG . LFEHEOREEDOTEA L ITE 2 HH
R, ST ENTMEORER, TEIULG/MS THRRTRETH L,

3.7. &

ST ENT-WEOBREIL, oINS S oRERNLE
bihvd, SthE&nliwn7s 7 chiBEhsbid, 2oy
TLBENGEIL, ERPOBREL. LTOFREZHONTHESND,

pg/m'= (7N DGHHO pg) (1000)  (BREEL) (BhHhER)
WitH%hER : 95. 7% (MOCA)

ppb = (ug/m’) (24.46) / G4 D551 &)

25°C, 760mm Hg TOE/NAKFE (U » k) 13 24. 46, MOCA 431 H 267. 2

Bracket sample concentrations with standards.

3.6. Interferences (analytical)

3.6.1. Any compound that elutes in the same general time as the HFAA
derivative of the amine of interest is a potential interference. Suspected
interferences reported to the laboratory with submitted samples by the
industrial hygienist must be considered before samples are derivatized.
3.6.2. GC parameters may be changed to possibly circumvent interferences.
3.6.3. Retention time on a single column is not considered proof of chemical

identity. Analyte identity should be confirmed by GC/MS if possible.

3.7. Calculations

The analyte concentration for samples is obtained from the calibration
curve in micrograms of analyte per sample. If any analyte is found on the
blank, that amount is subtracted from the sample amounts. The air
concentrations are calculated using the following formulae.
pg/m3 = (micrograms of analyte per sample) (1000)
(liters of air sampled) (extraction efficiency)
where extraction efficiencies are:
97.2% (o-Dianisidine) . 95.7% (MOCA). 99.2% (o-Tolidine)
ppb = (ng/m3) (24.46)
(molecular weight of analyte)
24.46 is the molar volume (liters) at 25°C and 760 mm Hg
2443 (o-Dianisidine), 267.2 (MOCA), 212.3

where

molecular weights are:
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3.8. HaEPhHERE (k)

3.8. 1. i, MOCA IX, & MIEBAMNRD S, M bEth L BmRED
AR OFE I ER S NI BNCHIRT 5 Z &,

3.8.2. TRTOLFERG O E BRAERETDHZ &, TEIIXbE
HEOEREZ#]R 7 — FRNICHIRT 2, HFRE Tk, Z2IREE L M=
a— hEEFERT S,

(o-Tolidine)

3.8. Safety precautions (analytical)

3.8.1. CAUTION. THESE AROMATIC AMINES ARE OR SHOULD BE
CONSIDERED CARCINOGENIC TO HUMANS. Restrict use of pure
compounds and concentrated standards to regulated areas.

3.8.2. Avoid skin contact and inhalation of all chemicals. Restrict the use of
chemicals to a fume hood if possible. Wear safety glasses and a lab coat

while in the lab area.

4. Ry 2 T7v7F—4 W

5. BRI WE

4. Backup Data

5. References
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